The designs of automotive suspension system are aiming to avoid vibration generated by road condition interference to the driver. This final project is about a quarter car modeling with simulation modeling and analysis of Two-Mass modeling. Both existing and new modeling are being compared with additional spring in the sprung mass system. MATLAB program is developed to analyze using a state space model. The program developed here can be used for analyzing models of cars and vehicles with 2DOF.
Introduction
This paper describes some principles on how car suspension system as a mechanism physically separates the body from the car wheels. The suspension purpose is to enhance driving comfort, road handling and vehicle stability. Apple Yard and Well Stead (1995) have proposed some performance characteristics that should be considered in order to achieve a good suspension system. [1] .
Suspension consists of a system of springs, shock absorbers and connection from vehicle to wheels. In another definition, the suspension system is a mechanism that physically separates the underbody of the car wheels, with its main function to minimize the vertical acceleration transmitted to the passenger who directly provided with comfort road. Automobile suspension systems while using passive components can only offer a compromise between these two contradictory criteria by providing spring and damping coefficients at fixed rates [1] .
Shock absorption in automobile is an important area of concern for the design engineers. Suspension system prevents shocks in automobiles which may be caused by irregular road profile, drag forces, drivetrain or engine vibrations, and wheel/tire non uniformity. Speed bumps and pot holes are most responsible for the vehicle body vibration through wheel/tire assembly and suspension system. Passenger comfort will be affected by overshoot and settling time of vehicle under vibration. MATLAB program has been developed to analyze the overshoot and settling time of a 2-DOF quarter car model. The analysis has used a current passive suspension system state space and new design model. This dynamic quarter car model can be utilized as the basis of analyzing the full car model response to speed bump [2] . The equations of motion of two-mass suspension models are as shown below:
Equations of the motions can be expressed in state-variable form by determining that:
Furthermore, equations of motion are defined as follow:
Above equations are expressed in vector-matrix form by = + ( ), where:
By simplifying the notation, the equations defined as:
Therefore, matrices and are becoming:
The next step is selecting appropriate values for the matrices in the output equation for = + ( ). The displacement or vertical movement of system suspension is executed by plotting ! and ! , of which for the area ! and ! , we determine the following matrices for and below:
In regard to the velocity of system suspension, for plotting ! and ! , of which area ! and ! , we are using the following matrices for and as shown below:
Program Development (MATLAB)
MATLAB can be utilized to solve the ordinary differential equations of linear and nonlinear type. The 2-DOF quarter car model MATLAB programs in this paper are developed to analyze sprung and un-sprung mass displacement and velocity also for the suspension travel responses in suspension system when the vehicle passes over a speed bump [1] . Input parameters to be analyzed are as shown in Table 1 . 
MATLAB Simulation by Simulink
By using Simulink at MATLAB, the system model can be described as shown in figure below: 
Result and Analysis
In this paper, the simulation based upon mathematical model for a quarter car using MATLAB/Simulink software is presented. Performance of the suspension system in term of ride quality and car handling is observed, by assuming the road disturbance as the input for the system. Parameters to be observed are the suspension travel, wheel deflection and the car body acceleration for a quarter car. The goal is achieving small amplitude value for suspension travel, wheel deflection and car body acceleration. The steady state for each part also should be fast.
Based on MATLAB programming, response output of displacement or vertical movement can be seen on Figure 3 . Analysis results of suspension system for a quarter car model for speed bump with 0.1 m height (step input) shows that vehicle sprung mass displacement for current model has the overshoot of 90.5% and amplitude 0.125 m (left figure). This condition is undesirable from comfort point of view. High overshoot is the most undesirable for suspension better performance and longer durability. Comparing with the additional spring, Modification model has lower overshoot than the current one. There is a frequency graphic displaying on the right figure (Figure 3) , which shows the reduction of damping process frequency. The graphic on the right figure shows the comfortable area of this function part. In term of velocity, as seen in Figure 4 , the velocity level between sprung and un-sprung mass has the similar graphics and condition. This means that the velocity of vibration is almost at the same level. 
Conclusion and Further Works
From the simulation of two different kinds of modelling systems, it can be determined that the modified system of two-mass suspension results in a better vibration performance. Further work will be on incorporating the damping effect into the system.
